Resonance energy transfer (RET) between the tryptophan residues of lysozyme as donors and anthrylvinyl-labeled phosphatidylcholine (AV-PC) or phosphatidylglycerol (AV-PG) as acceptors has been examined to gain insight into molecular level details of the interactions of lysozyme with the lipid bilayers composed of PC with 10, 20, or 40 mol% PG. Energy transfer efficiency determined from the enhanced acceptor fluorescence was found to increase with content of the acidic lipid and surface coverage. The results of RET experiments performed with lipid vesicles containing 40 mol% PG were quantitatively analyzed in terms of the model of energy transfer in two-dimensional systems taking into account the distance dependence of orientation factor. Evidence for an interfacial location of the two predominant lysozyme fluorophores, Trp62 and Trp108, was obtained. The RET enhancement observed while employing AV-PG instead of AV-PC as an energy acceptor was interpreted as arising from the ability of lysozyme to bring about local demixing of the neutral and charged lipids in PC/PG model membranes.
Introduction
Model systems containing isolated proteins and lipid vesicles of varying compositions have long been employed in elucidating fundamental aspects of interactions between these major membrane constituents [1] [2] [3] . One widely used model protein with well-characterized structure is lysozyme, which avidly interacts with lipids [4] [5] [6] [7] [8] [9] . The lysozyme-membrane interaction involves several interrelated steps, viz. (i) protein adsorption on the membrane surface driven by electrostatic interactions between the oppositely charged amino acid side chains and phospholipid headgroups [10, 11] , (ii) modification of the membrane physical properties including, particularly, reduction of electrostatic surface potential [11] , lipid dehydration [8] , decrease of the bilayer free volume [12] , (iii) destabilization of the protein structure accompanied by partial unfolding, increase of molecular flexibility and exposure of additional hydrophobic regions on the protein surface [13] , (iv) insertion of the conformationally altered protein molecule into the membrane interior [1, 6, 10] , and (v) oligomerization of the protein [14] , eventually leading to the formation of amyloid fibers [15] .
Lipid-binding properties of lysozyme are hypothesized to be essential for its biological functions including antimicrobial, antitumor, and immunomodulatory activities. More specifically, a mechanism of bactericidal action independent of lysozyme ability to hydrolyze peptidoglycan layer of the bacterial cell wall has been proposed [16] [17] [18] . Regarding this mechanism the antimicrobial activity of lysozyme is considered to correlate with its structural features, charge distribution and surface hydrophobicity. These features are thought to determine the extent of the protein insertion into lipid bilayer giving rise to membrane permeabilization and loss of viability of bacterial cells. A specific helix-loop-helix domain capable of penetrating into lipid phase has been identified [17, 18] .
Another important implication of lysozyme-lipid interactions involves a possibility of the protein self-assembly into fibrillar aggregates with a core cross-β-sheet structure in a membrane environment [15] . This type of protein aggregates currently attracts special interest because of its key role in the pathogenesis of the so-called conformational diseases [19] . Membrane-related factors favoring protein fibrillization are thought to include protein accumulation at the oppositely charged lipid-water interface, membrane-induced changes in the conformation and charge state of the protein, and specific arrangement of the solvent exposed and bilayer-buried portions of polypeptide chain [20] . Variation in the depth of bilayer penetration is assumed to modulate the propensity of a protein to act as a nucleus in fibril formation [21] . In the light of the above gaining further insight into the structural details of lysozyme-lipid interactions seems to be of importance at least in two basic aspects concerning the structural prerequisites for both its bactericidal activity and aggregation behavior in a membrane environment. To this end, the present study was focused on obtaining structural information on the model systems containing lysozyme and lipid vesicles composed of zwitterionic phosphatidylcholine and anionic phosphatidylglycerol. To characterize these systems in terms of the protein location relative to lipid-water interface we examined resonance energy transfer (RET) between the tryptophan residues of lysozyme as donors and anthrylvinyl-labeled phosphatidylcholine (AV-PC) or anthrylvinyl-labeled phosphatidylglycerol (AV-PG) as acceptors. Comparison of energy transfer efficiencies for AV-PC and AV-PG allowed us to address the question of whether lysozyme is capable of inducing the formation of lateral domains enriched in acidic lipids.
Materials and methods

Chemicals
Chicken egg white lysozyme and HEPES were purchased from Sigma (St. Louis, MO, USA). 1-palmitoyl-2-oleoyl-sn-glycero-3-phosphocholine (PC) and 1-palmitoyl-2-oleoyl-sn-glycero-3-phospho-rac-glycerol (PG) were from Avanti Polar Lipids (Alabaster, AL). Fluorescent lipids, 1-acyl-2-[12-(9-anthryl)-11-trans-dodecenoyl]-sn-glycero-3-phosphocholine (AV-PC), and 1-acyl-2-[12-(9-anthryl)-11-trans-dodecenoyl]-sn-glycero-3-phospho-1-rac-glycerol (AV-PG) were synthesized as described in detail elsewhere [22, 23] . All other chemicals were of analytical grade.
Preparation of lipid vesicles
Large unilamellar vesicles were prepared by extrusion from PC mixtures with PG (10, 20 or 40 mol%). A thin lipid film was first formed from the lipid mixtures in chloroform by removing the solvent under a stream of nitrogen. The dry lipid residues were subsequently hydrated with 20 mM HEPES, 0.1 mM EDTA, pH 7.4 at room temperature to yield lipid concentration of 1 mM. Thereafter, the sample was subjected to 15 passes through a 100 nm pore size polycarbonate filter (Millipore, Bedford, USA), yielding liposomes of desired composition. AV-PC or AV-PG (maximum 1.5 mol% of total lipid) were added to the mixture of PC and PG prior to the solvent evaporation. The concentration of fluorescent lipid was determined spectrophotometrically using anthrylvinyl extinction coefficient E 367 = 9 × 10 3 M − 1 cm − 1 [22] .
To evaluate pH dependence of RET efficiency, fluorescently-labelled liposomes were prepared using 20 mM phosphate (pH 6.2) and acetate (pH 3.7) buffers instead of HEPES.
Fluorescence measurements
Fluorescence measurements were performed at 25°C using 10 mm pathlength quartz cuvettes with spectrofluorometer equipped with a magnetically stirred, thermostated cuvette holder (LS-50B, Perkin-Elmer Ltd., Beaconsfield, UK). Emission spectra of AV-labeled phospholipids were recorded at excitation wavelength of 296 nm with excitation and emission band passes set at 10 nm.
While recording AV excitation spectra emission wavelength was 430 nm and both band passes set at 5 nm. The efficiency of energy transfer was calculated from the sensitized emission of the acceptor [24] :
where A A,D are the optical densities of the acceptor (AV) and donor (Trp) at the donor excitation wavelength k ex D ¼ 296 nm, I are the acceptor fluorescence intensities measured at the acceptor emission wavelength (k em A ¼ 430 nm) in the absence (I A ) and presence (I AD ) of the donor. Fluorescence intensities measured in the presence of lysozyme at the maximum of AV-PC or AV-PG emission spectra (430 nm) were corrected for inner filter effects using the following coefficients [25] : 
Steady-state fluorescence anisotropy of AV fluorophore was measured at excitation and emission wavelengths of 296 and 430 nm, respectively, with excitation and emission band passes set at 10 nm.
Theory
The results of RET measurements have been quantitatively interpreted in terms of the model of energy transfer on a surface formulated by Fung and Stryer [26] and extended in our previous studies [27] to allow for distance dependence of orientation factor in two-dimensional systems. Assuming that donors and acceptors are randomly distributed in different planes separated by a distance d a , the efficiency of energy transfer is given by:
where λ = t/τ d , τ d is the lifetime of excited donor in the absence of acceptor, R o is the Förster radius, C a s is the concentration of acceptors per unit area related to the molar concentrations of the fluorescent lipids (L AV ) and total lipids (L o ):
here f, S are the mole fractions and mean areas per PC or PG molecule taken as
Förster radius is known to depend on the donor quantum yield (Q D ) and the overlap between the donor emission (F D (λ)) and acceptor absorption (ε A (λ)) spectra:
where n r is the refractive index of the medium (n r = 1.37), κ 2 is an orientation factor defined as [24] :
where θ D and θ A are the angles between the donor emission (D) or acceptor absorption (A) transition moments and the vector R joining the donor and acceptor, ϕ is the dihedral angle between the planes (D, R) and (A, R). The applicability of Eq. (7) is limited to the case where the vectors D and A do not undergo any reorientation during the transfer time. Alternatively, Förster radius should be calculated using the dynamic average value of orientation factor (〈κ 2 〉). If the donor emission and acceptor absorption transition moments are symmetrically distributed within the cones about certain axes D x and A x , 〈κ 2 〉 is given by [28] :
where Θ D and Θ A are the angles made by the axes D x and A x with the vector R, Φ is the angle between the planes containing the cone axes and the vector R, 〈d D x 〉 and 〈d A x 〉 are so-called axial depolarization factors:
where Ψ D,A are the cone half-angles. These factors are related to the steady-state (r) and fundamental (r 0 ) anisotropies of donor and acceptor [28] :
When the donor and acceptor planar arrays are located at different levels across the membrane multiple donor-acceptor pairs are involved in energy transfer, so that orientation factor appears to be a function of the donor-acceptor separation (R). Particularly, for the most probable membrane orientation of D x and A x , parallel to the bilayer normal, the angles Θ D and Θ A made by D x and A x with R are equal and depend on the distance between donor and acceptor (Θ A = Θ D = θ, θ = f(R)). Under these circumstances Eq. (8) can be rewritten in the form: 
In analyzing the RET data presented here we considered the lipid-protein systems as containing one donor plane located at a distance d c from the membrane center and two acceptor planes separated by a distance d t (Fig. 1) ). Given that for the outer acceptor plane d a = |d c − 0.5d t | while for the inner plane d a = d c + 0.5d t , the following relationships hold:
where S 1 and S 2 are the quenching contributions describing energy transfer to the outer and inner acceptor planes, respectively. The relationships (13)- (16) 
Acyl bearing AV fluorophore, 12-(9-anthryl)-11-trans-dodecenoyl, has no polar group in its chain; being fully immersed in the hydrophobic core of a lipid bilayer, as judged from 1 H-NMR-spectroscopy data [23] and quenching of AV fluorescence by iodide [29] . 1 H-NMR measurements revealed that AV-PC induces upfield shift of the proton resonances at the level of terminal CH 3 groups and C4-C13 methylenes, exerting no effect on the resonances of choline protons [23] . This observation provides strong support to the idea that AV fluorophore is localized in a lipid bilayer close to the terminal methyl groups, preferentially orienting parallel to acyl chains. In the above RET model the spatial relationships between the donors and acceptors are defined by the parameters d c and d t , characterizing the distance between the donor plane and membrane center, and separation between the outer and inner acceptor planes, respectively. The former parameter was optimized while the latter was taken from the limits consistent with the size of AV fluorophore (ca. 0.7 × 0.3 nm) and the above assumption concerning the AV bilayer location. In addition, allowing for the high mobility of the terminal groups of hydrocarbon chains, it seemed reasonable to take d t value from the range 0.3-0.7 nm.
Notably, varying the parameter d t from the lower (0.3 nm) to upper (0.7 nm) limits yielded d c increase not exceeding 0.1 nm, indicating that the results of data treatment in terms of the above RET model slightly depend on the uncertainty in the AV bilayer location.
Results
The efficiency of energy transfer is typically determined by monitoring a decrease in the donor quantum yield in the presence of an acceptor [24] . Unfortunately, this method appeared inapplicable to the protein-lipid systems under study because of lysozyme causing aggregation and fusion of lipid vesicles [4] [5] [6] [7] . Within the ranges of lysozyme and lipid concentrations where aggregation and fusion did not occur (as judged by light scattering measurements) we did not observe any significant changes in tryptophan emission upon the binding of lysozyme to membranes. It seems likely that the quenching of Trp fluorescence by AV fluorophore is balanced by the contributions of free protein and directly excited acceptors to the measured fluorescence intensity. To circumvent this problem, we tried to detect RET by another method based on enhancement of acceptor fluorescence due to energy transfer from a donor. Accordingly, we monitored the membrane association of lysozyme upon its addition to liposomes containing AV-PC by measuring the increase in AV fluorescence (Fig. 2a) . It could be assumed that the observed enhancement of AV emission arises from direct effect of the protein on acceptor fluorescence, for instance, through rigidifying the acyl chain groups in the fluorophore surroundings. However, in this case it is difficult to explain increasing magnitude of lysozyme-induced effect with acceptor concentration. Although the molar fraction of AV-lipids is varied, proportions of PG or PC remain constant, so that the amount of bound protein, and, as a consequence, the extent of bilayer modification, seems hardly to depend on AV concentration. Likewise, the finding that fluorescence changes are different for AV-PC and AV-PG-containing systems with the same PG mole fraction (vide infra), could hardly be rationalized in terms of a direct effect of lysozyme on the acceptor fluorescence. All these considerations led us to conclude that Trp residues of lysozyme serve as energy donors for AV acceptors.
Additional proof of energy transfer from Trp to AV comes from the observation that the intensity of acceptor excitation spectra at the donor absorption wavelengths increases with increasing protein concentration (Fig. 2b) . Since lysozyme is a multi-tryptophan protein a question arises which residues may participate in energy transfer to AV-acceptor. There are six tryptophan residues in lysozyme molecule, three of which (Trp62, Trp63 and Trp108) are located in the active site and exposed to a solvent, while Trp28 and Trp111 reside in a hydrophobic environment. Notably, 80% of lysozyme fluorescence has been assigned to Trp62 and Trp108 with a possibility of energy migration from Trp 108 to Trp62 [30, 31] . In view of this, in the analyses given below the two dominant emitters, Trp62 and Trp 108, were regarded as energy donors for AV acceptors.
The efficiency of energy transfer calculated from the enhanced acceptor emission using the Eq. (1) was found to depend on both protein and lipid concentration, as well as on the content of the acidic lipid in membranes. As demonstrated in Fig. 3a , at the highest employed acceptor concentration (1.5 mol%) this quantity increased from ∼ 2-4% to ∼20-30% upon increasing the content of PG from 10 to 40 mol%. The use of AV-PG instead of AV-PC as an energy donor in membranes containing 40 mol% PG resulted in higher RET efficiencies (Fig. 4a) , suggesting the enrichment of PG in the protein binding site. Likewise, RET enhancement was observed upon decreasing lipid concentration coupled with increased surface coverage (cf. Fig. 4a and b) and lowering of pH (Fig. 3b) .
The results of RET measurements were quantitatively analyzed within the framework of the above theoretical model. This analysis was restricted to lipid vesicles containing 40% PG, because only in this case RET efficiencies were sufficiently high for obtaining quantitative estimates. First, the RET data were treated assuming that donors and acceptors are randomly distributed in separate parallel planes. The fitting of theoretical model given by Eqs. (13)- (17) to the experimental dependencies of RET efficiency on acceptor to lipid molar ratio (Fig. 4a ) allowed us to evaluate the distance between the donor plane and bilayer center (d c ). Notably, we consider this parameter as being averaged over bilayer positions of both predominant lysozyme fluorophores, Trp62 and Trp108. The value of d c was estimated by nonlinear least-squares technique involving minimization of the following error function:
where n is the number of experimental points (i.e., the number of acceptor concentrations), E e is the measured transfer efficiency, E c is the transfer efficiency calculated by numerical integration of the Eqs. (13)- (17) . The data fitting procedure yielded χ 2 values not exceeding 1.6 × 10 − 4 . The axial depolarization factors 〈d D x 〉 and 〈d A x 〉 were calculated from Eq. (10) using the results of steady-state fluorescence anisotropy measurements. We failed to detect any significant changes in tryptophan fluorescence anisotropy upon the transfer of lysozyme from the solution to the membrane surface. This parameter (r D ) measured with λ ex = 296 nm and λ em = 338 nm was found to be ∼ 0.1. The anisotropy of AV-PC and AV-PG (r A ) tended to increase with the protein concentration (Fig. 5) ). The fundamental anisotropy of anthrylvinyl fluorophore (r oA ) was reported to be ∼0.08 at λ ex = 296 nm [32] . The tryptophan absorbance in the range 250-300 nm is known to originate from the two electronic transitions 1 L a and 1 L b whose transition moments are orthogonally oriented [33] . Excitation wavelength of 296 nm employed in the RET experiments described here predominantly populates the 1 L a state of the fluorophore with r oD = 0.3 [24] . The transition moment of this state lies in the plane of the indole ring [34] , so that the angle α D reflects the deviation of the normal to the plane of the Trp aromatic ring from the bilayer normal. Based on the available experimental evidence we could not make any assumptions about preferable orientation of the Trp residues in lipid-bound lysozyme. Therefore, the RET curves were analyzed with the two limiting assumptions of α D = 0 (the plane of indole ring parallel to the bilayer surface) and α D = π/2 (the plane of indole ring perpendicular to the bilayer surface). As indicated above, the anthrylvinyl moiety linked to the end of acyl chains adopts preferential orientation parallel to the bilayer normal [23] . This allowed us to put α A equal to π/2. Allowing for the possibility of both positive and negative values of 〈d D x 〉 and 〈d A x 〉 (see Eq. (10)) all possible combinations of the signs of these parameters were considered in the data fitting.
Discussion
Presented in Table 1 are the estimates for d c recovered from systems containing AV-PC (d c APC ) or AV-PG (d c APG ) while assuming randomly distributed donors and acceptors. If this assumption was valid there would be no differences between the RET curves obtained using either AV-PC or AV-PG as energy acceptors. The finding that energy transfer to AV-PG is more effective (Fig. 4a) compared to AV-PC can be interpreted as arising from lipid lateral redistribution which is followed by accumulation of acidic lipids in the vicinity of bound protein. water. This finding supports the notion that tryptophan residues of membrane-bound peptides and proteins tend to reside at lipid-water interface [3, 35] . Such a preference is supposed to be associated with Trp propensity for dipolar, cation-π and hydrogen bonding interactions with interfacially located lipid structural groups. Additionally, our data agree with the viewpoint that helix-loop-helix domain (87-114 residues of hen egg white lysozyme) located at the upper lip of the active site cleft accounts for lysozyme insertion into lipid bilayer [18] . The nonpolar portion of this domain (residues 87-95) penetrating into hydrophobic bilayer region serves as a membrane anchor, while terminal basic residues form electrostatic contacts with anionic phospholipid headgroups. This mode of membrane binding of lysozyme causes Trp62 and Trp108 to be accommodated in the interface. Hence, our RET-based estimates on the bilayer location of Trp residues may be regarded as additional evidence for the ability of lysozyme to insert into the lipid phase. Evidence in favour of the involvement of hydrophobic interactions in the association of with membranes have been obtained using fluorescence polarization [6] , vesicle leakage [1, 6] and monolayer [10] experiments. Notably, our observation that RET efficiency increases at lower pH (Fig. 3b ) is in keeping with the early [5] and recent [10] findings suggesting that acidic pH favors the penetration of lysozyme into the bilayer. Although lysozyme is a very stable protein whose structure in solution remains virtually unperturbed on pH shift from the neutral to acidic values [36] , it seems highly probable that formation of ionic and hydrophobic contacts with lipid molecules could modulate the pH sensitivity of this protein.
As the next step of data analysis we assessed the magnitude of the lysozyme-induced lipid redistribution manifesting as the difference between AV-PC and AV-PG-containing systems in the RET efficiencies. The effects of lateral redistribution of anionic and neutral lipids in response to the binding of basic peptide or protein have been scrutinized, both theoretically and experimentally, in a number of studies [37] [38] [39] [40] [41] . Theoretical models for this phenomenon have been proposed by Mosior and McLaughlin [37] , Denisov et al. [38] , Heimburg et al. [39] , May et al. [40] , Mbamala et al. [41] . Two underlying processes are considered, viz. (i) local lipid demixing implicating molecular scale deviation from the average lipid composition within and around the protein-membrane interaction zone, and (ii) the formation of macroscopic protein-lipid domains enriched in acidic lipids. The extent of lipid demixing is thought to be dictated by the minimum of the total interaction free energy reflecting the balance between the gain in electrostatic adsorption energy and the loss of lipid mixing entropy. The models for domain formation emphasize the importance of both electrostatic [38] and nonelectrostatic [40, 42] mechanisms. The latter involves lipid-mediated attraction between adsorbed proteins coupled with elastic membrane deformation [40, 41] . Experimentally, lipid redistribution has been observed for instance in the adsorption of cytochrome c [43] , carditoxin II [44] , Table 1 Tryptophan distance from the center of PC/PG bilayer ( polylysine [45] and basic peptides [46] to negatively charged model membranes. The RET data presented here are suggestive of ability of lysozyme to produce the deviation of PG concentration from its bulk value in the membrane-protein interaction zone. The simplest way by which this process can be allowed for in the above RET model involves introducing the additional parameters, characterizing the size of interaction zone (r dm ), the ratio of PG concentrations in the interaction zone at nonrandom and random acceptor distribution (k) and the fraction of bound protein (f b = B/P, where B is the molar concentration of bound protein and P is the total protein concentration). Thus, the expressions for RET efficiency take the form:
where L out is the lipid concentration in the outer monolayer. The RET profiles obtained with AV-PG as energy acceptor were approximated by Eqs. (19) - (21), with k being varied from 1 to its maximum possible value (2.5) at 40 mol% PG. Parameter r dm was taken from the limits dictated by the requirement Pf b πr dm 2 k≤L out S L , while parameter d c was optimized. By analyzing the RET data in this manner we found good agreement between the theory and experiment under conditions where the size of the zone with increased PG concentration (r dm ) does not exceed 3.4 nm (Fig. 6 ). This value is comparable with the protein radius (ca. 3 nm) suggesting that lysozyme causes a local deviation from the average lipid composition.
The RET data presented here give also some grounds for believing that the mode of lysozyme-membrane association depends on surface coverage. As seen in Fig. 4b , at lipid concentration L =50 μM the measured RET efficiencies were at the level of experimental error (ca. 3%), while a tenfold decrease of L value resulted in a marked enhancement of energy transfer (Fig. 4a) . This phenomenon could be interpreted in terms of shallow location of electrostatically-bound lysozyme at relatively low surface coverage (L out /P ratios greater than ∼40) followed by the penetration of a certain fragment of polypeptide chain into the membrane interior when the surface coverage is becoming high enough to overcome the energy barrier for the protein insertion into the lipid phase. Importantly, coverage-dependent changes in the transverse bilayer location have been demonstrated in several recent studies for cytochrome c, another basic protein similar to lysozyme in its physicochemical properties [47, 48] . By analogy with the so-called carpet mechanism proposed for peptidemembrane binding it was hypothesized that protein insertion into lipid bilayer is triggered by a certain critical surface coverage at which lateral pressure of two-dimensional adsorbate gas reaches its threshold value [49] . Given that lysozyme molecule represents a spheroid with dimensions 4.5 × 3 × 3 nm and cross-section ca. 13.5 nm 2 and taking molecular area per phospholipid headgroup as 0.65 nm 2 it follows that theoretical saturation coverage of the membrane surface with lysozyme corresponds to L out /P ratio of ca. 20. This value falls into the range of L out /P ratios at which we succeeded in detecting energy transfer. It is noteworthy in this regard that at the protein and lipid concentrations employed in the RET experiments nearly complete binding of lysozyme to lipid vesicles containing 40 mol% PG might be expected. This is based on our binding studies performed with fluorescein-labeled lysozyme which, despite having somewhat lower affinity for lipids, showed virtually full transition into lipid-bound state under analogous experimental conditions [14] . Moreover, the experiments with the labeled protein led us to assume that within certain strictly defined ranges of the P and L values there exists an equilibrium between the monomeric and oligomeric species of membrane-associated lysozyme. In view of this possibility the diminished RET efficiency observed upon increasing lysozyme concentration (Fig. 4a) could be attributed to self-association of a certain fraction of the bound protein.
Clearly, processes such as protein aggregation in a membrane environment or lipid demixing give rise to nonrandom distribution of donors and acceptors. In this case extraction of adequate structural information from the RET experiments requires global data analysis using simulation-based fitting. However, allowing for the aforementioned complications in RET detection in lysozyme-lipid systems and limited number of RET measurements we found it reasonable to perform simplified analysis of the RET data as a first approximation to real situation.
In conclusion, the present RET study revealed three important features of lysozyme-lipid interactions. First, lysozyme location relative to lipid-water interface depends on surface coverage, as judged from the enhancement of resonance energy transfer between tryptophan residues of the protein and anthrylvinyl-labeled PC or PG on increasing protein surface density. Second, at lipid-to-protein molar ratios close to saturation surface coverage (L out /P ∼20, L/P ∼ 40) partial insertion of lysozyme into PC/PG lipid bilayer (40 mol% PG) takes place, with predominant fluorophores Trp62 and Trp108 being located in the interfacial bilayer region. Third, lysozyme is capable of inducing lipid demixing in PC/PG membranes, as follows from the increase of PG mole fraction in the protein-membrane interaction zone. Importantly, all these characteristics of the adsorption of lysozyme to lipid membranes may also be relevant to its bactericidal and amyloidogenic properties.
